The interaction of sodium dodecyl sulphate (SDS) / poly(vinyl alcohol) (PVA) solution was studied by ultrasonic velocity measurements. Ultrasonic velocity, density, viscosity in mixtures of sodium dodecyl sulphate in polyvinyl alcohol was measured over the entire range of composition. From the experimental data, other related thermodynamic parameters, viz., adiabatic compressibility, intermolecular free length, surface tension, relative association, relaxation time, absorption coefficient and internal pressure were calculated. Formations of rods interfere with velocity of ultrasonic waves. Hence the ultrasonic velocity decreases with concentration. These results were interpreted in terms of polymer-surfactant complex reactions.
Introduction
Water-soluble polymers have been shown to interact with surfactant species to varying degrees, depending on the properties of the polymers and surfactants. Surfactants and watersoluble polymers have very broad ranges of applications. Polyvinyl alcohol has variety of applications. It is used as protective colloid, for aqueous emulsion. It is also used in wet strength adhesives. Polyvinyl alcohol fibers have excellent dimensional stability. Anionic surfactants interact with neutral polymer more readily than cationic surfactant. The combined occurrence of polymers and surfactants is found in such diverse products as cosmetics, paints, detergents, foods, polymer synthetics and formulations of drugs and pesticides. The presence of a nonionic polymer in aqueous solutions of ionic surfactants causes changes in the physical properties of the micelle aggregates formed by the surfactant [1] [2] . Some possible types of association involving either individual surfactant molecule or surfactant cluster were discussed by Nagarajan and Kalpaki 3 . The system sodium dodecyl sulphate (SDS)-poly(vinyl alcohol) has been studied mainly by the classical methods [4] [5] [6] . Surfactant-polymer interactions involve various modes of association due to dipole-dipole or ion-ion forces.
Kim Gracie 7 studied the thermodynamic properties of micellization of sodium dodecyl sulphate in binary mixtures of ethylene glycol with water. Mingtan Hal and Buxing Han 8 have studied the interaction between the SDS and polyacrylamide binary mixtures. When both the surfactant and the polymer are charged, the interactions are dominated by strong Coulombic forces. Solubility of the polymer is, however, possible at lower concentrations of the surfactant. In this work, we have focused our attention on ultrasonic behaviour and other thermo dynamical properties of binary solution of sodium dodecyl sulphate in poly vinyl alcohol in different concentrations at 303K.
Experimental
Sodium dodecyl sulphate (Sigma-Aldrich Co.) of molecular weight of 288.38 g/mol were dissolved in water for analysis. Polyvinyl alcohol (PVA) (Extra Pure, Sd Fine Chemicals) AR grade with a molecular weight of 1, 25,000 were dissolved in water and the solution were prepared at different concentrations. SDS was mixed with polyvinyl alcohol solution in different concentrations and ultrasonic velocity studies were reported. Doubly distilled water was used in all cases. Ultrasonic interferometer of fixed frequency (2MHz) (Mittel Enterprises, New Delhi) was used to measure the ultrasonic velocity. An Ostwald's viscometer was used to measure the viscosity of the solution. A 25 mL of gravity bottle was used to measure the density of the solution and are accurate to three decimal places.
Results and Discussion
In polymer/surfactant complexation, it is well established that three different forces are involved in the associations. In the case of nonionic polymers/ionic surfactants, polymersurfactant interactions are driven mainly by their hydrophobic [9] [10] through the reduction of the hydrocarbon/water contact area of the polymer and surfactant hydrophobic segments. Another type of force promotes the complex associations through dipole-ion interactions [11] [12] [13] . The third type is the strong columbic or charge-charge interaction between oppositely charged species [14] [15] . In pure PVA, molecules are associated through intermolecular hydrogen bonds. In the present study, author expected the reaction of anionic surfactant SDS through either hydrophobic group interaction or hydrophilic group interaction or both, due to the nonionic/cationic nature of polymer. By using Ultrasonic velocity and density, various acoustical parameters like acoustic impedance (Z), intermolecular free length (L f ), adiabatic compressibility (β ad ) were calculated using the usual relations 16 .
Experimental data on ultrasonic velocity, density, viscosity and other acoustical properties of 0.25N of SDS in polyvinyl alcohol solutions at 303K were reported in Tables 1 & 2 . The variations of ultrasonic velocity were found increased with mole fraction of SDS. The variations of relative viscosity were found linear. The variations in viscosity were due to the structural changes 17 . Variation in ultrasonic velocity in any solution generally indicates molecular association in it. This is due to the interaction between solutesolvent molecules. Interaction is weaker at minimum velocity 16 . An anionic surfactant, SDS acts an emulsifier. Polyvinyl alcohol is used as a suspension stabilizer to prevent coalescence which occurs during the polymerization. In general, in any solution containing surfactant, changes in physicochemical properties of solution relate to the changes in surfactant concentration. The ultrasonic velocity, density and viscosity and other acoustical parameters of 0.5 N of SDS in PVA solution at 303K are reported in Tables 3 & 4 . The variation of ultrasonic velocity was found to be non-linear. The decreasing minimum velocity of ultrasonic velocity indicates the weakening of molecular association at a mole fraction of 0.9997 of SDS 16 . Density increases with concentration of SDS in PVA solution. This may be interpreted to the structure of the solvent due to the added solute. In the lower region of SDS, the linear change of velocity indicates the miscibility of the solution. Viscosity of a solution is a measure of cohesiveness or rigidity present in between the ions or ion-solvent or solvent-solvent molecules present in a solution. Viscosity measurements ideally would yield information on the association and conformation of the polymer surfactant complex. Density and viscosity of any solution is directly related to each other. Viscosity is calculated by using the formula and it is related to normal forces in the liquids.
Viscosity (η) = η w ρt/ρ w t w N S m -2
Where η w , ρ w and t w are respectively the viscosity, density and the time of water and ρ and t are respectively the density and time of flow of mixture. Viscosity increases in both cases with concentration and it indicates the increase of cohesiveness present in the solutesolvent molecules 18 . The low viscosity obtained at low concentration, is a reflection of polymer-coiled structure due to the drive towards a minimization of the contact area of its hydrophobic segments and it increases due to electroviscus effect. The variations of acoustic impedance (Z) for both cases are shown in Table 1 & Table 3 . Acoustic impedance is the reciprocal of compressibility.
Specific Acoustic impedance (Z) = Uρ kg m -2 S -1 ( 2) It is evident that acoustic impedance values increase with increase in concentration of SDS in lower concentration where as it is non-linear in higher concentration of SDS. The increase of impedance values with solute concentration can be attributed to the effective solute-solvent interactions 19 .
The variations of compressibility of binary mixtures of two set of concentration are shown in Tables 1-3 . The adiabatic compressibility (β ad ) was calculated from ultrasonic velocity (U) and density (ρ)
Compressibility values decrease up to minimum value as the concentration increases and then increases with increase of concentration and again it decreases. The minimum compressibility indicates the enhancement of bond strength and the maximum compressibility indicates the poor bond strength of the molecules. It decreases with concentration in 0.25 N and it was found as non-linear in 0.5 N of SDS solution. However the compressibility value tends to decrease with increase in the concentration of SDS. This can be explained in terms of the electrostatic effects of polymer on the surrounding molecules 20 . The increase in compressibility may be due to departure of solvent molecules around the ions, supporting for weak interactions. The relative association is influenced by two factors. It is maximum at a mole fraction of 0.9996 and it decreases with increasing the concentration. In other cases, it was found non-linear. It is again due to the fact of interactions between the solute and solvent 21 . The intermolecular free length depends upon the adiabatic compressibility and shows a similar to that of compressibility and inverse to the velocity.
Intermolecular free length (L f ) = k (β ad ) 1/2 m (4) Intermolecular free length depends upon adiabatic compressibility and shows a behavior similar to that of compressibility and inverse to the velocity. The behavior of intermolecular free length is an inverse behavior of sound propagation. Here on increasing the concentration, molecular free length decreases at 0.25N of SDS, whereas it was found non-linear variation in the case of higher concentration of SDS. The decrease of molecular free length with concentration indicates that the structural readjustment in the liquid mixture and it suggests the presence of strong solute-solvent interactions with a less compressible phase or closer packing molecules. It increases with the further increase of concentration, indicating the weak interactions between solute-solvent molecules 22 .
Surface tension is a diagnostic parameter for describing various properties of liquids and liquid mixtures. In the present work, surface tension increases with the addition of solvent. The observation is in accordance with the change in mean free length 23 . A sudden sharp reduction is most likely due to surface film formation. SDS shows its usual behavior with a CMC at 6×10 -3 M. A greatest reduction occurs at a higher concentration of SDS due to the formation of surface-active complex.
Acoustical relation time is directly proportional to viscosity and it shows a linear variation. Relaxation time values (τ) for both system of SDS calculated by using viscosity and ultrasonic velocity data, in general, increase with increase in concentration. The values are given in Table 2 and 4. It shows a maximum at higher mole fraction. It is also evident for the interaction between sodium dodecyl sulphate and polyvinyl alcohol solution 19, 24 .
The internal pressure is a sensitive parameter to poly-solvent interactions, which reflects both the attractive and repulsive molecular interactions. The internal pressure is an energyvolume coefficient and it is measure of the resultant force of attraction and force of repulsion between the interacting components in the mixture and it is calculated by using the formula
. (5) Where 'b' is the cubic packing factor which is assumed to be 2 for all the liquids and solutions, 'K' is the temperature independent constant, 'R' is the gas constant,' T 'is absolute temperature, 'η' be the viscosity and 'U' is the ultrasonic velocity and ' ρ' be the density of the solution.
The increase of internal pressure with concentration also confirms the interaction between the solute-solvent molecules 16 . The studies of ultrasonic absorption in binary mixtures have been undertaken by several investigators. This study leads to an understanding of the mechanism of absorption in each liquid. Classical absorption coefficient (α/f 2 ), in general, increase with concentration and it is calculated as per formula 22 . However, if the concentration of SDS is increased, it can be seen that, the classical absorption also increases. This may be due to the fact that the maximum reaction takes place at higher concentration 24 . The results of absorption coefficient as a function of mole fraction show that the transfer of energy (de-excitation of a molecule) is more probable between two different molecules than with molecules of the same species 25 .
Density, ultrasonic velocity and viscosity are measured for the mixture of SDS in Polyvinyl alcohol solution in different concentrations. Density, velocity and viscosity of a solution linearly increase with concentration of at 0.25 N of Sodium dodecyl sulphate in 2% of polyvinyl alcohol. It increases up to a mole fraction of 0.9996 and decreases with the further increase of concentration. A sudden decrease of velocity is observed at a mole fraction of 0.9997 and 0.9998 of SDS, since the discontinuity in the sound velocity indicates the critical micelle concentration. At a particular concentration, more ions were introduced in to the solution. The internal pressure is less at the lesser concentration of SDS. As the surfactant concentration increases, the shielding effect (close contact with aggregates) decreases due to the lower polymer-to-surfactant ratios. At lower concentration, the dodecyl Sulphate ions are interacting with poly vinyl alcohol molecules with their hydrophobic and hydrophilic ends towards the medium. In general, at low SDS concentration, the mixtures stay clear. When the amount of SDS is increased, no clear mixtures are observed. However, further addition of SDS may bring the mixtures to their clear state. But at a higher concentration, excess of dodecyl sulphate ions were formed. Increase of the surfactant concentration leads to higher ionic strength, which would influence both the shape and the size of the micellar aggregates. But at a mole fraction of 0.9997, velocity decreases with increase in molecular free length due to weak interaction in SDS-PVA system. An increase in Ultrasonic velocity is observed with increase in the mole fraction of SDS, from 0 to 0.9996. This variation clearly indicates the complete dissolution of SDS and making the medium more and clearer. The ultrasonic velocity decreases with increase in concentration of SDS, since SDS has got more hydrophilic (sulphate) and hydro phobic (Dodecyl) portions at higher concentrations. The hydrophobic portion may associate to form micelle rods. Formations of such rods interfere with velocity of ultrasonic waves. Hence the ultrasonic velocity decreases with concentration.
In the concentration of 0.5 N of SDS, the ultrasonic velocity is increases up to the mole fraction of 0.9993, while above this mole fraction it decreases. Hence, as discussed in the previous case, there must be complete dispersion of SDS up to mole fraction of 0.9993. The decrease in ultrasonic velocity above this value, might therefore, be attributed to formation of micelle rod and that interfere the propagation of ultrasonic waves. Compare to the results of previous experiment, the maximum in ultrasonic velocity is slight shifted to lower mole fraction of SDS due to high concentration.
Conclusion
The ultrasonic velocity and other acoustical parameters of sodium dodecyl sulphate in polyvinyl alcohol solution were studied. The variations in the acoustical parameters might be due to the formation of micelle rods in the 0.25 N of SDS solutions and it indicates the complete dissolution. Ultrasonic velocity was decreased due the formation of micelle rods at higher concentration of SDS in the 0.5 N concentrations. Hence the formation of rods are depends on the concentration of SDS and it is interacting with polyvinyl alcohol molecules. Further study gives the more information of the formation of micelle rods.
